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Introduction
In recent years, the design and synthesis of new organicinorganic nanocomposites have attracted considerable attention because this innovative class of materials combines the properties of inorganic partners (for instance, high-temperature stability, durability and high modulus, good chemical resistance, and particularly, optical properties) with a set of desirable characteristics of polymer matrices such as process-ability, flexibility, toughness and impact strength [1] [2] [3] . Such promising nanocomposites could find applications as catalysts, nonlinear optical devices, biomaterials, photodiodes, smart microelectronic devices, and sensors, etc. [4, 5] . Among them, extensive work has already been done in polymeric nanocomposites with ZnO nanoparticles, since the nanosized ZnO is a n-type semiconductor with a wide direct band gap of ~3.37 eV [6] , that displays high optical transparency and luminescent properties in the near UV and visible regions, electric conductivity, piezoelectricity, and is an environmentally friendly material [7] [8] [9] [10] . These distinct properties offer potential uses as optical and optoelectronic devices [11] , photocatalysis [12, 13] , actuators [14] , biological applications [15, 16] , UV lasers and absorbers [17, 18] , solar cells [19] , gas [20] and DNA sequence sensors [21] , cantilevers for scanning probing microscopes [22] , fibers, coatings, plastics and other uses [23, 24] .
In general, the fabrication of hybrid materials involves various physical and chemical methods [25] [26] [27] , but in all cases it is essential to assure a homogeneous dispersion of the inorganic component into the polymer matrix or in appropriate monomers (before polymerization), as well as the stabilization of nanoparticles without aggregation of the ZnO nanostructures [28] [29] [30] [31] . To improve the dispersion of the nanoparticles and to control their size; one of the important preparative variants proposed a surface modification of them to form organically modified ZnO nanoparticles [32] [33] [34] [35] . For example, using surface-initiated polymerization (often called "grafting
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Preparation and characterization of block copolymers containing cinnamate groups with end-capped ZnO from"), materials with tailored properties for a practical application can be performed through the chemical attachment of organic chains on the surface of inorganic nanoparticles [36, 37] . In particular, atom transfer radical polymerization (ATRP) has been shown to be one of the most successful processes for efficient polymerization of some vinyl monomers, such as styrene, methyl methacrylate, acrylate and carbazol, giving rise to polymer-modified surfaces with desired surface properties [32, 38, 39] . Compared with a classical radical polymerization, the important advantages of living radical polymerization is the control of the molecular weight, narrow molecular distribution, and chain end functionality [40] . In line with these findings, the immobilization of ATRP initiator on ZnO nanoparticles surface allowed polymerizing oligo(ethylene oxide) methacrylate under ATRP conditions [41] .
The present work is focused on the preparation of new photopolymers containing cinnamate units and end-capped ZnO and namely, poly (2-cinnamoyloxyethyl methacrylate) (ZnO-PCEMA-Br) and its block copolymer poly (2-cinnamoyloxyethyl methacrylate)-bpoly(poly(ethylene glycol) methyl ether methacrylate) (ZnO-PCEMA-b-PEGMA-Br) via ATRP using ZnOmodified particles as the initiator. We chose to employ PEGMA as the building monomer of the second block owing its properties regarding water solubility, low toxicity, high biocompatibility and fouling resistance to proteins [42] . The structure, thermal properties and morphology of the synthesized photopolymers were investigated by spectral, thermal and microscopic techniques.
Experimental procedure

Materials
Cinnamoyl chloride (98%), triethyl amine (99.5%), poly(ethylene glycol) methyl ether methacrylate (PEGMA, M PEGMA = 475 g mol -1 ) (97%), 2-hydroxyethyl methacrylate (HEMA) (99%), 2-isocyanatoethyl methacrylate (98%), dibutyltin dilaurate (95%), α-bromoisobutyryl bromide (98%), 2-bromoethyl isocyanate (97%), zinc acetate dihydrate (98%), hexamethylenetetramine (HMT) (99%), sodium hydroxide (NaOH) (99.5%) were purchased from Sigma Aldrich Chemical Co. and used without further purification.
Synthesis of ZnO nanoparticles
For synthesis of ZnO nanoparticles, zinc acetate dihydrate (2.19 g, 10 mmol) was dissolved in methanol (100 mL) at 60°C, and then a solution of hexamethylenetetramine (5.6 g, 40 mmol) and a solution of NaOH (0.8 g, 20 mmol) in methanol (20 mL) was added dropwise under stirring. After 2 h, the resulting solution was stored at room temperature for another 2 h. The precipitate was then washed alternatively with water (50 mL) and methanol (50 mL) and dried under vacuum for 12 h at 40°C. Finally, the dry powder was calcinated at 500°C.
Immobilization of the initiator on ZnO particles
Into a 100 mL round-bottom flask containing a magnetic stir bar, ZnO particles (2 g), THF (30 mL) and TEA (0.016 mL, 0.096 mmol) were added under a nitrogen atmosphere. This solution was cooled to 0°C, and α-bromoisobutyryl bromide (BiBB) (0.012 mL, 0.096 mmol) was added dropwise to the system at a temperature below 5°C and stirred for 30 min, according to the procedure described by Peng et al. [41] . The reaction was stirred at room temperature for other 12 h, followed by filtration and successive washing with dichloromethane and acetone. The obtained product was dried under vacuum for 24 h. For functionalization of the particles with bromoethyl isocyanate (BEI): the ZnO nanoparticles (2 g) and BEI (2.3 mL, 0.096 mmol) were dispersed into THF (30 mL) and the mixture was stirred for 12 h at 40°C in presence of catalyst (dibutyltin dilaurate) under an argon atmosphere. ZnO-BEI particles were collected by filtration and successive washing with dichloromethane and acetone and dried under vacuum for 24 h.
Preparation of ZnO-PCEMA homopolymers
ZnO-Poly(2-cinnamoyloxyethyl methacryate) (ZnO-PCEMA-Br) was prepared by atom transfer radical polymerization (ATRP) in dioxan using ZnO-BEI or ZnO-BIBB as an initiator, N,N,N',N',N"-pentamethyldiethylentriamina (PMDETA) as ligand, and Cu(I)Br as catalyst. The two reaction mixtures, namely CEMA/PMDETA/ZnO-BEI/ CuBr or CEMA/PMDETA/ ZnO-BIBB /CuBr (molar ratio: 20:2.2:1:1), were introduced into a polymerization ampoule. Because the homopolymers with cinnamate units (ZnO-PCEMABr-1, ZnO-PCEMA-Br-2) were prepared in the same manner, we presented synthetic details only for ZnO-PCEMA-Br-1. Thus, 0.037 g CuBr (0.25 mmol), 0.115 mL PMDETA (0.55 mmol), 1.3 g CEMA (2-cinnamoyloxyethyl methacryate) (5 mmol), and 0.058 g ZnO-BiBB (0.25 mmol) were introduced in 10 mL dioxane under argon atmosphere. Subsequently, the reaction ampoule was heated at 80°C for 72 h. After that, the catalytic complex was removed by filtration of polymer solution and the obtained homopolymer (ZnO-PCEMA-Br-1) was purified by precipitation in a large excess of diethyl ether and then dried for 48 h at 60°C under reduced pressure. The FTIR of ZnO-PCEMA-Br-1(cm -1 ) showed the following: 2900-2994 (C-H), 1716 (CO), 1165 (C-O).
Preparation of ZnO-PCEMA-b-PEGMA-Br block copolymer
Into a polymerization ampoule maintained under an Ar atmosphere; 0.037 g CuBr (0.25 mmol), 0.115 mL PMDETA (0.55 mmol) and 2.38 g PEGMA (M n = 475 g mol -1 , 5 mmol) dissolved in 10 ml dioxane were introduced and stirred until the mixture became homogeneously green. Next, 1.13 g ZnO-PCEMABr-1 or 1.05 g ZnO-PCEMA-Br-2 used as the ATRP macroinitiator was dissolved in 10 mL dioxane and added in the above mixture. As the macroinitiator was added in the system, the system became deep green, indicating the start of the polymerization. The ampoule was heated at 80°C for 72 h, and then the reaction mixture was cooled to room temperature, concentrated by rotary evaporation and precipitated into ethyl ether. The diblock copolymers (ZnO-PCEMA-b-PEGMA-Br-1,2) were collected after filtration under vacuum and drying.
Characterization
The structures of the monomer and polymers were verified by 1 H NMR and FT-IR spectroscopy using a Bruker 400 MHz spectrometer and a Bruker Vertex 70 spectrophotometer, respectively. The UV absorption and fluorescence spectra of the polymer solutions were measured with a Specord M42 and Perkin Elmer LS 55 spectrophotometers, respectively. The photocrosslinking reaction of the cinnamate units was expressed by a firstorder rate equation: ln A 0 /A t =kt, where A 0 and A t are the values of the absorbance at time t 0 and t t , respectively, and k is the rate constant.
The average molecular weight was determined in DMF by GPC analysis on a PLEMD 950 apparatus equipped with two PL gel mixed columns using polystyrene standards. The thermal stability of the polymers was analyzed through thermogravimetry using a MOM Budapest derivatograph with a heating rate of 10 o C min -1 . A Digital Instrument model DI 5000 atomic force microscope was used to probe the surface morphology. X-ray photoelectron spectroscopy (XPS) was performed on a KRATOS Axis Nova (Kratos Analytical, Manchester, United Kingdom), using AlKα radiation, with 20 mA current and 15kV voltage (300 W), and base pressure of 10 -8 -10 -9 Torr in the sample chamber. The incident monochromated X-ray beam was focused on a 0.7×0.3 mm area of the surface. X-ray patterns were recorded with a D8 Advance Bruker AXS diffractometer and the difractograms were studied with an EVA soft (from Diffrac Plus evaluation package). X rays were generated using a CuKα (λ=0.1541) source with an emission current of 40 mA and a voltage of 36 kV. The diffractograms were recorded from 10° to 80° at room temperature and a scan rate of 5° min -1 . The TEM measurements were performed using a Hitachi High-Tech HT7700 microscope with an accelerating voltage of 100 kV. Samples were deposited on carbon film coated copper grids of 300 mesh.
Results and discussion
Structural characterization
Two steps must be followed in order to obtain the block copolymers with the initiator carrying the ZnO nanoparticles. The first step requires the two initiators (ZnO-BIBB, ZnO-BEI) to be synthesized through the reaction of α-bromoisobutyryl bromide (BIBB) or 2-bromoethyl isocyanate (BEI) molecules with the hydroxyl groups on the surface of ZnO particles. In the second step these particles bearing initiator site were used for the ATRP polymerization of 2-cinnamoyloxyethyl methacrylate (CEMA) in the presence of N,N,N',N',N"-pentamethyldiethylentriamina (PMDETA) taken as ligand, and Cu(I)Br as the catalyst to yield the photosensitive macroinitiators ZnO-PCEMA-Br-1 and ZnO-PCEMABr-2, respectively. Following these steps the copolymers with poly(2-cinnamoyloxyethyl methacrylate) carrying terminal groups of ZnO and poly[poly(ethylene glycol) methyl ether methacrylate] (ZnO-PCEMA-b-PEGMABr-1, ZnO-PCEMA-b-PEGMA-Br-2) were readily synthesized. A schematic representation of these reactions is given in Scheme 1, and the experimental conditions are specified in Table 1 . The structures and purity of the polymers were confirmed by 1 H NMR, FT-IR, XPS/XRD analysis, and UV and fluorescence spectroscopy.
For example, Fig. 1 shows the 1 H NMR spectrum of ZnO-PCEMA-Br-2, and the resonance peaks associated with unsaturated cinnamate proton are close to aromatic ring (7.7 ppm, Ar-HC=), the aromatic protons from ortho and para positions (7.5 ppm, 7.3 ppm) to the cinnamate double bond, unsaturated cinnamate proton linked to the ester function (6.5 ppm, =CH-COO-), and the methylene protons in the proximity of ester moieties (4.5-3.9 ppm). Other signals belonging to the protons of polymer backbone appeared in the range of 2.2-0.8 ppm and confirm the structure of homopolymer and is in agreement with the data reported for poly(tert-butyl acrylate)-b-poly(2-cinnamoyloxyethyl methacrylate) [43] . The average molecular theoretical weight of Mn was calculated from the 1 H NMR spectra for both of the macroinitiators ZnO-PCEMA-Br-1 and ZnO-PCEMA-Br-2 using an integration ratio of the signal at 4.5 ppm which is attributed to the methylene protons close to the Br end-capped macromer to the olefinic proton near to ester function (6.5 ppm). From the calculations the macromer was found to contain 16 mers of CEMA (Mn = 4400), whereas in the second ZnO-PCEMA-Br-2 there are 15 repetitive monomeric units (Mn = 4100). The 1 H NMR spectrum of the ZnO-PCEMA-b-PEGMA-Br-2 (Fig. 1) illustrates the presence of the same peaks of PCEMA block besides other additional signals in the range of 3.5-3.8 ppm and can be attributed to the PEG units and the peak at 3.4 ppm corresponds to methyl protons from ether function of PEGMA block. The molar ratio between the PCEMA and PEGMA units was determined by comparing the integral of the unsaturated cinnamate proton (6.5 ppm) with the integral of the methylene protons linked to the ester unit from PEGMA block. The integral value of these methylene protons was obtained from the integral of methylene ester protons (4.4-3.9 ppm) from copolymer, by substraction of integral value appropriate to the PCEMA block. According to this analysis, the molar ratio between PCEMA and PEGMA blocks in copolymer was found to be 1:0.94 for ZnO-PCEMA-b-PEGMA-Br-1 (15 mers of PEGMA, Mn: 11500) and 1:0.87 in the case of ZnO-PCEMA-b-PEGMA-Br-2 (13 mers of PEGMA, Mn: 10300). It was observed that the average molecular weight values obtained by NMR were consistent with those determined by GPC (Table 1) . The formation of the proposed structures was further supported by FTIR spectroscopy, exemplifying in Fig. 2 is the spectra for pristine ZnO, ZnO-BEI, ZnO-PCEMABr-2, and ZnO-PCEMA-b-PEGMA-Br-2. Consistent with a previous report [44] , the FTIR absorption spectrum of raw ZnO (Fig. 2a) shows a strong band at 432 cm -1 associated with a characteristic vibrational mode of Zn-O bonding and the broad peak at 3443 cm -1 which is appropriate to the stretching vibration of the -OH on the surface of ZnO nanoparticles. In the case of ZnO-BEI, the FTIR spectrum (Fig. 2b ) reveals some new absorption bands when compared to the pristine ZnO particles. Thus, the absorption peak at 3327 cm -1 is ascribed to the stretching mode of the NH functional group, while the sharp signal centered at 1713 cm -1 is attributed to the C=O stretch from the urethane group, indicating the immobilization of BEI onto ZnO surface. Another peak is evident and is characteristic of a C-Br absorption band, and is visible at 808 cm -1 . The FTIR spectrum of ZnO-PCEMA-Br-2 (Fig. 2c) (Fig. 2d) . Moreover, the band at 1731 cm -1 is due to ester C=O, which overlapped with that of urethane C=O band at 1713 cm -1 . The thermal behavior of the resulting materials was studied in air by thermogravimetry analysis (TGA). Fig. 3 shows the weight loss of the ZnO-BEI, ZnO-BiBB, ZnO-PCEMA-Br-1,2 and ZnO-PCEMA-b-PEGMA-Br-1,2 structures as they are heated up to 600°C. The TGA data is given in Table 2 . The literature indicates that the pristine ZnO nanoparticles show a weight loss of about 6.5% [37] , and this behaviour can be attributed to the removal of physically/chemically adsorbed water and the decomposition of hydroxide groups. In addition, in case of the BEI or BiBB-immobilized ZnO nanostructures the total weight loss was of about 8.5%. The corresponding polymers with an end-capped ZnO undergo a two-step decomposition process, for which the initial and final decomposition temperatures were determined from TGA curves. The thermal decomposition temperature (TDT) is defined as the temperature of 10% weight loss. It has a value of 310°C for ZnO-PCEMA-Br macroinitiator, and 285°C for the block copolymer ZnO-PCEMA-b-PEGMABr. The first stage of the thermal decomposition process for both polymers starts around 230°C, and when the temperature reaches 450ºC, more than 50% weight lost was recorded. This suggests that such hybrid photopolymers have good thermal stability.
Morphology, photobehavior and optical properties
For closer observation, X-ray photoelectron spectroscopy (XPS) was selected to follow the modifications that appeared on the ZnO nanopowder surface. The XPS data showed the functionalization of the ZnO nanoparticles with BEI (BIBB) parallel with the formation of the proposed polymeric structures. For instance, Fig. 4a displays the XPS spectrum for a ZnO-BEI sample, and provides evidence for the photoelectron lines at binding energies (BE) specific for Zn (3p, 3s), C1s and O1s peaks at 88, 136, 281 and 528 eV, respectively. The doublet spectral lines characteristic to Zn, 2p are observable at the binding energies of 1017 eV (Zn 2p 3/2 ) and 1041 eV (Zn 2p 1/2 ), which are very close to the standard bulk ZnO binding energy value [45] . Other photoelectron lines appeared at BEs of 64 and 182 eV and can be related to Br 3p and Br 3d species. The C 1s core-level spectrum (Fig. 4b ) registered for ZnO-BEI nanoparticles fit with the Gaussian-Lorentz distribution and indicate the appearance of three component peaks with energies (BEs) at about 282, 283, 286 eV, and these are assignable to the C-H, C-Br, and O=C-O species, respectively. Therefore, the presence of the C-Br and O=C-O groups sustain the chemical linking of BEI on the surface of ZnO nanoparticles. The XPS spectrum of ZnO-PCEMA-Br-2 polymer (Fig. 4c) contains photoelectron lines at binding energies of about 10, 84, 133, 284 and 530 eV and are generated by the Zn 3d, Zn 3p, Zn 3s, C1s and O1s elements. Similarly, the C 1s core-level spectrum (Fig. 4d ) of ZnO-PCEMA-Br-2 gives three component bands with BEs at about 282, 283, 286 eV, and can be attributable to the C-H, C-O and O=C-O groups. In the Zn 2p spectrum, a decrease in the zinc intensity after polymerization can be noted, and this can be explained through the increased concentration of organic components (carbon, oxygen). Fig. 4e displays the XPS spectrum of ZnO-PCEMA-b-PEGMA-Br-2, and the same binding energies peaks can be observed (at 10, 86, 134, 283 and 529 eV corresponding to Zn 3d, 3p, 3s, C 1s and O 1s). The fitting of C 1s core-level spectrum (Fig. 4f) offered three peaks at 281, 283 and 285 and belong to the C-H, C-O and O=C-O species, respectively. It is obvious that these results are in good accordance with the FTIR analysis.
To investigate the influence of the crystalline structure of ZnO nanoparticles on the synthesized compounds, X-ray diffraction patterns of pure ZnO nanostructures and hybrid composite particles were recorded. In the case of raw ZnO nanoparticles, the presence of the peaks of diffraction reflexions of (100), (002), (101), (102), (110), (103), (200), (112) and (201) confirms the crystalline nature of wurtzite ZnO (Fig. 5a) , with no characteristic peaks of other impurities such as Zn(OH) 2 . Note that such a finding is not new, and the above result corresponds with that of the work in [46] . The XRD curves of the macroinitiator ZnO-PCEMABr-2 (Fig. 5b) and the block copolymer ZnO-PCEMAb-PEGMA-Br-2 (Fig. 5c) show a broad peak at 9-28° (2θ angle), which suggests that diffraction arises mostly from the amorphous polymer domain. Using the DebyeScherrer's formula [47] the ZnO crystallite size from fullwidth at half-maximum (FWHM) was determined, the value of average diameter of pure ZnO particles was calculated to be around 35 nm.
The TEM images of the above materials could be more significant here because they provide data concerning the formation of the nanostructures. Thus, Fig . 6a provides evidence of the presence of ZnO spherical and hexagonal nanoparticles besides other shapes, some of them being agglomerated. From the picture, it can be seen that the average size of the nanoparticles is approximately 40 nm, a result which is in good agreement with the value calculated using XRD. Moreover, the electron diffraction pattern (presented in set of Fig. 6a) shows distinct bright rings which validate the preferential orientation of the prepared nanocrystals instead of irregular. Compared with the pristine nanoparticles, the TEM images created from ZnO-functionalized macromer (ZnO-PCEMA-Br-2) (Fig. 6b) and the block copolymer ZnO-PCEMAb-PEGMA-Br-2 (Fig. 6c) revealed the existence of various nanoparticles with diameter in the range 40-100 nm. Moreover, spherical nanoparticles of the copolymer block seem to be immobilized on the surface and the incorporation of PEGMA sequences has resulted in a better dispersion in the matrix compared to the macromer nanostructures. Additionally, to elucidate the hybrid nanostructures organization, the AFM technique was also used in our study. As can be seen, in the tapping mode AFM image of a 1×1 μm area of ZnO-PCEMA-Br-2 film prepared from THF solution (Fig. 7a) formation of cyclobutane ring [48] , we examined the surface morphology of hybrid polymers in solid state before and after UV irradiation. Fig. 7b presents the AFM images of irradiated film surface based on ZnO-PCEMA-Br-2 macromer, where it can be observed a slight modification compared to the non-irradiated film. The processing of the AFM images and the calculation of the surface texture parameters realized by the NOVA 9.09 Software (Table 3) show that the root-mean-square (Sq), average roughness (Sa) and average height (Ha) for the above hybrid film decreased after the surface was exposed to UV and these results may have an effect on its performance.
The same treatment was carried out for the nanocomposite containing ZnO-PCEMA-b-PEGMABr-2. Fig. 8 shows the surface morphology of ZnO-PCEMA-b-PEGMA-Br-2 polymeric film before and after UV exposure. Initial, in the thin film there are selfassembled structures of vesicular type, while upon UV irradiation the regular structures disappeared and some hills and grooves are visible. The surface modification is observable from 3D images and the corresponding histograms confirm an increasing roughness after irradiation (from 2.23 to 4.16) and are reflected in an increase in the height areas (9-20 nm) on the surface. Moreover, in this case the irradiated surface parameters (Sq, Sa, Ha) increased twice more than those of nonexposed area, indicating a minor influence of the existence of isolated particles on the surface of sample.
Additionally, the effect of UV irradiation on the hybrid photopolymers, was investigated through UV-vis spectroscopy in solution and solid state. The photoirradiation experiments of ZnO-PCEMA-Br-2 and ZnO-PCEMA-b-PEGMA-Br-2 in THF solution or in thin film were performed at room temperature in the absence of any kind of photosensitizer. Fig. 9a shows the modifications in the UV absorption maximum (276-278 nm) for the ZnO-PCEMA-Br-2 solution, where it can be noted that the intensity of the absorption band Table 3 . The characteristics of the surface roughness parameters including root mean square (Sq), average roughness (Sa) and average height (Ha) from the histogram of the studied samples.
Sample
Sq ( for the cinnamate groups gradually decreased with the irradiation time, and a photostationary state was reached after 2000 sec. Under these conditions, the transformation degree of the photoreactive groups is around 91.41%. In case of the ZnO-PCEMA-Br-2 in thin film, a similar behaviour was observed with the mention that the double bonds phototransformation degree was approximately 63% (Fig. 9b) . Monitoring the changes of UV spectrum of ZnO-PCEMA-b-PEGMA-Br-2 (not shown) we found a phototransformation degree for the cinnamoyl groups of about 69.42% in solution and 40.42% in film.
Further, a plot of the dependence of relative absorbance versus irradiation time (Fig. 9c) is the proof that both reactions coexist in a ZnO-PCEMABr-2 solution as well as in the thin film based on ZnO- PCEMA-b-PEGMA-Br-2. First, the photocrosslinking reaction had a rapid evolution, but this process is less efficient at a higher conversion. Compared to ZnO-PCEMA-Br-2, the photodimerization reaction is slower in ZnO-PCEMA-b-PEGMA-Br-2 owing to a diminished mobility of the cinnamoyl groups in the block copolymer film. Similar values for rate constant for both block copolymers in solution and thin film were determined as follows: k sol =2×10 -2 s -1 for ZnO-PCEMA-Br-2 and k' sol =1×10 structures are given in Fig. 10 , where it can be seen that these show a similar profile to those investigated in the literature [49] . Thus, an absorption maximum corresponding to raw ZnO in a THF solution was observed at 379 nm (Fig. 10a, curve 1) . Furthermore, the absorption peak wavelengths of initiator molecule ZnO-BEI (plot 2) and macroinitiator (plot 3) in a THF solution are slightly blue-shifted to 377 and 375, respectively. In the case of block copolymer, the absorption band characteristic for ZnO can not be observed most probably due to the small content of ZnO. However, the emission spectrum of diblock copolymer (plot 4) recorded with the excitation wavelength of 340 nm suggests a broad emission band centered at 396 nm as a proof of the presence of ZnO in the organic matrix. On the other hand, the fluorescence spectra of the samples containing pure ZnO (plot 1), ZnO-BEI (plot 2) and ZnO-PCEMA-Br-2 (plot 3) suggested the existence of a emission bands with a maximum peak at 396, 390 and 389, respectively. It should be noted that compounds based on ZnO-BiBB presented UV characteristics similar to ZnO-BEI. Typically, these hybrid materials exhibited the emission bands at 389 nm (ZnO-BiBB), 390 nm (ZnO-PCEMA-Br-1) and 396 nm (ZnO-PCEMA-b-PEGMA-Br-1) respectively, but the UV absorption and photoluminiscent properties depend on the size of ZnO particles [50, 51] .
In conclusion, controlled properties of such photosensitive polymers could be effectively achieved by designing appropriate micro/nanostructures. Work is in progress to prepare other block copolymers with reactive sites for further derivatizations using the initiators reported here in this study.
Conclusions
Novel homopolymers and block copolymers with photosensitive cinnamate units and end capped ZnO were synthesized by an ATRP reaction using ZnOmodified particles (ZnO-BiBB or ZnO-BEI) as initiators, and characterized by H NMR, FTIR, XPS, XRD, TEM, AFM, UV-vis absorption and fluorescence spectroscopy. The TEM images suggest a homogeneous distribution of the ZnO structures, especially in the block copolymer matrix. The sizes of hybrid nanoparticles for ZnO-PCEMA-Br and ZnO-PCEMA-b-PEGMA-Br are in the range 40-100 nm. The AFM micrographs of the block copolymer show the existence of some UV photoinduced changes in the morphology of hybrid film surface. These novel functional nanohybrids could possible find applications in the field of catalysis, biosensors/ gas sensors or anti-UV materials.
